Progeny from nineteen family lines of silver fir (Abies alba Mill.) from the Tisovik Reserve growing in an experimental plot were analyzed based on 4 chloroplast microsatellite DNA loci and 12 morphological and anatomical needle traits. The Tisovik Reserve is located in Białowieża Primeval Forest, 120 km north of the natural range limit of this species, and embraces a small and isolated natural population of silver fir. The aim of this study was to determine genetic variation within and between progeny lines. Analysis of phenotypic variation showed that the traits which differed most among individuals were the needle width and the distance from resin canals to vascular bundle. Those traits, which differed most between the progeny lines, were the number of endodermic cells around the vascular bund and the weight of hypodermic cells. In Tisovik progeny, we detected 107 different haplotypes. In progeny lines, we detected more haplotypes than in maternal trees, and most haplotypes did not exist in maternal trees. This may be the result of pollen influx from other silver fir stands. Progeny from Tisovik showed a higher level of variability in comparison with maternal trees.
Introduction
At the present time, the observed silver fir variability is the result of microevolutionary processes, which took place during the post-glacial migration of species and in populations in warm refugia where fir survived the last glaciations. Based on pollen data (Liepelt et al. 2009 after Kral 1980 , isozyme studies (Konnert & Bergmann 1995; Liepelt et al. 2009 ), chloroplast microsatellite DNA (Vendramin et al. 1999; Liepelt et al. 2009 ) and mitochondrial DNA (Liepelt et al. 2002 (Liepelt et al. , 2009 Gömöry et al. 2004; Ziegenhagen et al. 2005; Pawlaczyk et al. 2013) , it is presently widely accepted that silver fir arrived to Poland from one refuge located in Western Europe. The authors of the studies cited above suggest that silver fir variability in Europe is relatively high and different populations of fir exhibit geographic structure of genetic variation.
European Silver Fir (Abies alba Mill.) is one of the most important trees in Central European forests.
It is a mountain tree which grows in lowlands in the northern part of its species range. In Poland, this taxon reaches the northern limit of its distribution which runs along the northern edge of the Silesian Lowlands to the northern edge of the Central Highlands, where it cuts through the Mazowiecko-Podlaska Lowlands (Gostyńska-Jakuszewska 1972; Zając & Zając 2001) . In the Mazowiecko-Podlaska Lowlands, there is a small isolated native population of silver fir called the Tisovik reserve. This population grows 120 km northeast of the natural distribution for fir in the Belarusian part of the Białowieża Primeval Forest. The range of silver fir has existed for the past 2,000 years, and the population in Tisovik is a likely remnant of the post-glacial migration and contraction of the silver fir distribution.
Silver fir in Białowieża Primeval Forest was discovered in 1823 by Górski (1829) . He found it in Cisovka Hag, a small forest island surrounded by widespread bogs of the Dikij Nikor river. A detailed description of Tisovik reserve is given in papers by Mejnartowicz DOI 10.1515 /biorc-2017 -0001 Submitted 29.12.2016 , Accepted 31.03.2017 (1996 , Korczyk et al. (1997) , Korczyk (1999 Korczyk ( , 2015a Korczyk ( , 2015b , Goncharenko & Savitsky (2000) and Pawlaczyk et al. (2005 Pawlaczyk et al. ( , 2017 . Recently, the number of silver fir trees in the Tisovik population has reached a critical value, amounting to 20 trees (Korczyk et al. 1997 (Korczyk et al. , 2015a (Korczyk et al. , 2015b , whereas at the beginning of 19 th century, there were about several hundred trees. Therefore, in 1991, the Tisovik Reserve was included in the Belarusian National Park, and the silver fir of the Białowieża Primeval Forest was registered as a species threatened with extinction in the Belarussian Red Book (Parfenov & Savchuk 2015) . These facts contribute to the thesis that the fir population will be completely extinct in the near future due to deteriorating environmental conditions. In response to this threat, the preservation of its gene resources and variability investigations are urgent. In 1995, seeds from this population were collected, and, in 1998, the experimental area (provenance experiment) was established. This cultivation was formed on the Polish side of the Białowieża Primeval Forest in the Hajnówka District, where progeny of 19 maternal trees are growing: half-sibs, known mother, unknown father. Provenance and test-culture experiments are being carried out in order to eliminate or, at least, reduce the environmental impact on the observed variability. This has a special importance for the selection of a group of trees for renewal of the forest (Wright 1976) . Thus, in this paper, we describe trees that are offspring of a small and isolated population of silver fir growing in balanced environmental conditions in an experimental plot.
Consequently, the main aim of our study is to describe the within and among open-pollinated family variation of silver fir from the Tisovik reserve at two levels: phenotypic -by analysis of the morphological and anatomical needle traits, and genetic -using molecular markers (chloroplast microsatellite DNA -cpSSR).
Phenotypic variation might be related to processes of adaptation and microsatellite markers are useful to study the demography and may indicate possible reduction of mates mating with each female tree. It is possible, because chloroplast genome is inherited by paternal lineage and there is lack of recombination (Neale & Sederoff 1989; Vendramin & Ziegenhagen 1997) .
Detected variation should provide background for understanding the process of adaptation to marginal conditions prevailing at the border of species distribution and will help trace trends and microevolutionary processes, which occur in small and isolated populations. Understanding the variability of the Tisovik offspring may be useful for the renewal of this stand and may verify the thesis of the low level of differentiation in this population. Besides, Tisovik population is interesting as a remnant population which might be subjected to local microevolutionary forces as genetic drift.
Materials and methods

Study site
In order to protect the gene pool and detect genetic variation in silver fir from the Tisovik Reserve, a provenance-progeny experimental plot was established by Professor A. F. Korczyk from the Forest Research Institute in Białowieża and Białystok University of Technology. In 1995, seeds from 20 silver fir trees were collected and sowed in a forest nursery in Nawojowa (Beskid Sądecki). The seeds of progeny lines were collected from respective mother trees and properly marked. Next, in 1998 three-year-old marked seedlings were moved to an experimental plot in Hajnówka Forest District (Leśna, Wilczy Jar, section 416Ag/416Cf). The area of silviculture is about 0.225 ha (Poland). The detailed description about establishing the plot and cultivation of fir is given in a paper by Korczyk (2015b) .
Plant material (needles and buds) was collected in 2010 from properly marked 19 lines of progeny in the 
Analysis of needle traits
From each tree, ten needles were used to make slides (cross section of needles). In total, 2930 needles were analyzed and 12 morphological and anatomical traits were measured. The list of measured traits is given in Table 1 .
The first trait (needle length) was measured with graph paper, and the others with the use of a light microscope. Traits 3 and 4 were measured under 4× magnification, and traits 2, 5, 6, 8, 9 and 10 -under 40× magnification using a microscope, camera and measurement program from the Olympus Corporation.
These studied traits were previously tested and shown to clearly distinguish individuals, progeny and populations of silver fir (Pawlaczyk et al. 2002 (Pawlaczyk et al. , 2005 (Pawlaczyk et al. , 2010 Pawlaczyk & Bobowicz 2008a , 2008b ).
Molecular analysis
Genomic DNA was extracted from fir needles and bud tissue. Frozen needles and buds (100 mg of tissue) were powdered in liquid nitrogen and the total genomic DNA was extracted using a modified ATMAB method (Doyle & Doyle 1990) , and dissolved in 0.1 × TE buffer (10 mM pH 8.0 Tris-HCl; 1 mM pH 8.0 EDTA) for subsequent use. The quality and quantity of the extracted DNA were measured on a Nanodrop™ ND-1000 (ThermoScientific) spectrophotometer and diluted to a final concentration of 20 ng/μl.
cpSSR amplification
In this paper, the research was conducted on the basis of chloroplast microsatellite DNA polymorphism analysis. The universal character and high variability of cpSSR markers was confirmed for many coniferous species. Moreover, cpSSR markers were used because seeds were collected from particular mothers and were not mixed (high confidence of the maternity of progenies). Besides, these markers may provide information on paternity, and with high diversity of cpSSR haplotypes, they might inform about the number of fathers contributing to progeny lines. The cpSSR markers were also used in studies of population structure, gene flow, and demographic history of populations (Morgante et al. 1997; Echt et al. 1998; Provan et al. 1998; Vendramin et al. 1999; Clark et al. 2000; Semerikova & Semerikov 2007; Dzialuk et al. 2009 ).
The possibility of amplification and the level of polymorphism for 8 primer pairs of chloroplast microsatellite loci selected from the published literature were checked initially: PCP 71987, PCP 30277, Pt 30204, Pt 71936, PCP 45071, Pt 45002, PCP 1289 , PCP 41131 (Vendramin et al. 1996 Provan et al. 1998) . However, some of these markers were either monomorphic or did not give an amplification of products, or showed unstable amplification. Finally, four markers: PCP 71987, PCP 30277, Pt 30204 and Pt 71936, which gave satisfactory stable amplification products were classified as variable and were used for analyses (Table 2) .
Polymerase chain reaction (PCR) amplifications were performed in a 2720 Thermal Cycler (Applied Biosytems). Each amplification reaction contained 1× reaction buffer (Novazym), 0.2 mM each dNTP, 0.25 µM forward and reverse primer and 0.5U HiFiTaq DNA polymerase (Novazym), approximately 50 ng genomic DNA and deionized water to a total volume of 10 µl. The forward primer of each primer pair was fluorescent labeled with 6FAM and VIC dye (Applied Biosystems) at its 5` end. amplifications were carried out separately for each marker and the following PCR temperature 
54°C
Explanations: * -primers from Provan et al. (1998) , ** -primers from Vendramin et al. (1996) profile was used: initial denaturation at 94°C for 5 mins, 35 cycles of 94°C for 1 min, 54°C for 1 min, 72°C for 1 min, with a final elongation step at 72°C for 10 mins. PCR products were separated with a 3130xl Genetic Analyzer (Applied Biosystems) capillary electrophoresis system with a GeneScan™600LIZ™ as an internal size standard. Individuals were analyzed and genotyped using GeneMapper version 3.7 software (Applied Biosystems).
Statistical methods
The data for 12 morphological and anatomical traits of needles were analyzed with Statistica ver. 10 (StatSoft Inc.) on the intra and inter family level. The analyses were based on trait characteristics, correlation coefficients, Student's t-test, analysis of variance (ANOVA, MANOVA), discriminant analysis with Mahalanobis distances between progeny, and agglomerant grouping by the nearest neighborhood method on the basis of Mahalanobis distances (dendrogram).
The genetic diversity was estimated on the basis of haplotypes. Each individual chloroplast haplotype was defined as a unique combination of size variants across the microsatellite regions within an individual.
For each progeny line, the effective number of haplotypes, the frequency of private haplotypes, the haplotype diversity and Nei genetic distance (Nei 1972; Vendramin et al. 1999) Genetic differentiation among progeny lines was estimated by hierarchical analysis of molecular variance (AMOVA) calculated using GenAIEx v.6.4 software (Excoffier et al. 2005) . Statistical significance was determined by random permutation, with the number of permutations set to 999.
Results
Analysis of needle traits in the progeny
Analysis of the arithmetic mean of particular traits was given in Figure 1 . In order to determine which traits most differentiated the studied progeny, an analysis of variance was conducted and the F statistic was calculated (Fig. 2) . Calculations showed that the features which most varied among progeny were: width of hypodermic cell (6), number of endodermic cells (7) and distance from vascular bundle to abaxial needle edge (8). The least significant were the width of the needle (3) and the length of the needle (1).
Analysis of variance was performed to check which traits differed between individuals within progeny lines (in documentation of the work). So, seedlings in progeny lines: T1, T2, T3, T6, T8, T11, T12, T13, T16, T17, T18, T22 and T23 differed the most in terms of the width of the needle (3), in progeny lines: T5, T15 and T21 -it was the length of the needle (1), and in T4 and T29 -the height of the needle (4). These three traits differentiated individuals the most in every progeny line. Individuals in all progeny lines differed least in terms of the height (5) and the width (6) of hypodermic cell, number of endodermic cells (7) and shape of hypodermic cell (12). In progeny lines T5, T8, T9 and T16, this factor was the distance from vascular bundle to abaxial needle edge (8) and in progeny T17 and T22 -it was the distance from resin canals to needle edge (9).
In order to determine which progeny lines were the most differentiated with respect to all 12 needle traits, the Wilks' Lambda in MANOVA was calculated (Table  3 ). This parameter indicated that the greatest diversity Biodiv. Res. Conserv. 45: 1-16, 2017 Based on the table of calculated Mahalanobis distances (in the documentation of the work) between progeny, it can be concluded that out of 171 distances, only 2 were not statistically significant, 9 were statistically significant at α=0.05, and 160 were highly statistically (Fig. 3a) constructed based on Mahalanobis distances showed that progeny lines formed two groups with subgroups. The first group with: T17, T2, T21, T23, T6, T9, T15 and T3 progeny lines formed two sub-groups. The second group was divided into 3 subgroups: T1, T8 and T22 (first subgroup), T29, T 13, T16 and T12 (second subgroup) and T18, T11, T5 and T4 (third subgroup).
The existence of internal structure of these progeny is confirmed by the graph of discriminant analysis (Fig. 4) . The progeny lines formed four subgroups. On the basis of determination coefficients (Table 4) between the 12 needle traits and between the first three discriminant variables (U 1 , U 2 and U 3 ), variability (6) were the traits with the greatest influence on U 1 . The number of endodermic cells around vascular bundle (7) had the greatest influen ce on U 2 , whereas diameter Fig. 4 . Results of discriminant analysis of Abies alba progeny lines from the Tisovik Reserve population, in the space of the first three discriminant variables (U 1 , U 2 and U 3 ), accounting for 86.72% of the variability of morphological and anatomical traits of needles of resin canals (2) and needle height (4) -on U 3 . Third discriminant variable U 3 caused the distinctiveness of subgroup with progeny lines: T11, T12, T13, T16 and T29. These progeny lines had the widest resin canals but the shortest needles.
Molecular analysis
The total of 107 different haplotypes was identified. All haplotypes had a frequency below 0.06, as averaged over the total set of 274 trees (Appendix 1). The most abundant haplotype 95/109/133/144 was found in 17 trees from ten different progeny lines. The number of haplotypes per population varied from 7 to 14 and the efective number of haplotypes from 5.8 to 14.0, with haplotype diversity from 0.886 to 1.0; the ratio of the number of haplotypes in progeny to sample size was from 60.0 to 100% (in T1 progeny line with sample size equal to number of haplotypes). The lowest variability was observed in progeny lines T29, T3, T4 and T9 (0.886; 0.905; 0.905; 0.914 respectively) and the highest was found in progeny lines T1 (H H =1.00) and T5 (H H =0.99). All progeny lines had private haplotypes. The highest number of private haplotypes was found in progeny line T1 (11 private haplotypes) and the lowestin T8, T18 and T29 (1 private haplotype). The majority of haplotypes (78) were detected only once (85.3% of progeny-private haplotypes) ( Table 5) .
Analysis of molecular variance (AMOVA) for haplotypic patterns showed that all of the discovered variance was present within progeny lines (Ф PT =0.004; P=0.536) ( Table 6) .
On the basis of the calculated Nei' genetic distances using the UPGMA method, a dendrogram was constructed (Fig. 3b) . The progeny formed two groups: the first -with the progeny of T1, T13, T4, T3, T16 and T23, and the second -with the remaining progeny. The progeny lines which created the second group were divided into two subgroups (the first with T5, T9, T11  and T21, and the second with T15, T17, T18, T29 and  T2, T22, T12, T6, T8) .
Additionally, the dendrogram was constructed for 107 haplotypes (Fig. 5) . The haplotypes created two main groups, but all detected maternal haplotypes were in one group.
Comparison of progeny to maternal trees:
analysis of needle traits
Analysis of the variability of maternal trees on the basis of 12 needle traits was described by Pawlaczyk et al. (2005) . Comparison of the arithmetic means of maternal trees and their progeny (Fig. 1) showed that the offspring exhibited larger values for five characteristics: the length of needles (1), the width of the hypodermic cell (6), the number of endodermic cells (7), distance from resin canals to vascular bundle (10) and shape of hypodermic cell (12). In other traits, maternal trees had higher values than progeny.
F statistics (Fig. 2) showed that the features that varied most between individuals forming maternal trees were: length (1), height (4), width (3) and shape Pearson correlation coefficients calculated between offspring and maternal trees indicated a low correlation of traits (Table 7) . Five traits were correlated negatively: the length of the needle (1), the height of the needle (4), the width of the hypodermic cell (6), distance from vascular bundle to abaxial needle edge (8) and shape of hypodermic cell (12). The highest positive value of the correlation coefficient was detected for the distance from resin canals to vascular bundle (10), and this ratio was statistically significant at the level of α=0.05.
In order to determine the significance of differences between the arithmetic means of progeny and their maternal trees, the Student's t-test was calculated ( Explanations: df -number of degrees of freedom, SSD -sum of squares, MSD -mean squares, Ф PT -population genetic differentiation, p -probability 7). On this basis, it can be concluded that maternal trees and progeny most differed in terms of: the height of the needle (4), the shape of the needle (11), distance from vascular bundle to abaxial needle edge (8) and distance from resin canals to vascular bundle (10) at the level of significance of α=0.01. The traits least significant for differentiating progeny lines from their maternal trees were: the height of the hypodermic cell (5) and diameter of resin canals (2).
Comparison of progeny to maternal trees: molecular analysis
In maternal trees, fourteen different haplotypes were identified on 19 studied trees (Table 8 ). The most abundant haplotype (No 21) was found in 5 trees. The number of effective haplotypes was 8.805 and haplotype diversity (H H ) was 0.936, and the ratio of number of haplotypes to sample size was 0.7368 (Table 5) . Tables 5 and 9 give the list of haplotypes and their frequencies for progeny lines and maternal trees. Nine (from 14) maternal haplotypes were detected in the progeny. Haplotypes No. 21 (95/109/133/144) and 17 (95/109/132/144) had the highest frequency in progeny.
Discussion
Phenotypic analysis
A typical needle of species from the family Pinaceae is a long-term organ showing many adaptations to the living environment stand, for example, through strongly reduced surface evaporation, a thick layer of the cuticle or stomata placed in cavities of the epidermis. The study of needles is one of the easiest ways to assess the state of health of trees (Kozlov & Nemela 1999; Innes & Skelly 2002; Błocka & Staszewski 2007; Klánowá et al. 2009; Chudzińska et al. 2014 Chudzińska et al. , 2016 .
In terms of the morphology and anatomy of needle traits, this population was examined by Pawlaczyk et al. (2005) . Those studies showed a poor intrapopulational diversity of trees. Features which varied most between individuals were: the length, height, width and shape of the needle.
The offspring of Tisovik from the experimental plot in the Forest District in Hajnówka was examined Explanations: * -value significant at α=0.05, ** -value significant at α=0.01, *** -value significant at α=0.001, ns -not significant in terms of the morphology and anatomy of needles by Szymańska (2007) . Individuals which were studied were seven years old. Intra-progeny analysis revealed presence of highly significant differences between individuals, and features that most differentiated trees within progeny lines were: the width of the needle and distance from resin canals to needle edge. Inter progeny analysis revealed presence of significant differences between progeny lines and traits, which most differentiated progeny were: the number of endodermic cells and the distance from resin canals to needle edge. Those studies did not confirm opinions about the high level of inbreeding (small genetic differentiation) apparent in this silver fir. Moreover, Szymańska's study showed good health and breeding condition for progeny of this unique population. The detected high genetic diversity of progeny from Tisovik provided evidence of a good level of adaptation to local conditions. In this paper, 15-year-old offspring of 19 maternal trees were studied. The purpose of such a repetition was to check whether the high level of variability observed by Szymańska (2007) was maintained, or whether it may have been characteristic only in the first phase of the development of fir trees.
In the present work, analyses made within progeny showed that the width of needles was one feature which most differentiated individuals (14 progeny lines). In addition, the length of the needle (3 progeny lines) and the height of the needle (2 progeny lines). The features having the least impact on the formation of intra-progeny variability were the height and width of the hypodermic cell, number of endodermic cells and shape of hypodermic cell.
The same traits: shape of hypodermic cell, width and height of hypodermic cell were found to least differentiate maternal trees from Tisovik (Pawlaczyk et al. 2005 ). Szymańska's studies (2007) indicated that the Tisovik half-siblings varied least due to the shape of their hypodermic cells. A similar result was obtained in this study.
On the other hand, two of these traits -width of hypodermic cell and number of endodermic cells -were identified in this study as having the greatest impact on forming inter-progeny variability. Szymańska's studies indicated that the number of endodermic cells was the feature with the greatest impact on the variability between progeny. According to Szymanska (2007) , the shape of the hypodermic cell was a trait which least differentiated progeny. This study indicated that the feature least differing progeny line was the width of the needle.
Based on analyses conducted both by Szymańska (2007) and in this paper, it is possible to comment on the highly significant variation between individuals within progeny and between progeny lines. This analysis indicates that the greatest diversity occurred in progeny line T1, and the lowest in T4. Our results overlap in many cases with Szymańska's results, suggesting that the large genetic diversity observed by Szymańska was preserved.
Comparing the results for the offspring with those for maternal trees showed that they were not the same traits that most differentiated progeny and maternal trees. The greatest impact on the variability of maternal trees was shown by morphological traits such as length, width and shape of the needle. In contrast, with offspring at the inter-progeny level, the largest impact was shown by anatomical features, like the width of hypodermic cells, number of endodermic cells and distance from vascular bundle to abaxial needle edge. However, similar morphological features as maternal trees differentiated individuals at the intra-progeny level.
Based on the analysis of arithmetic means for each trait, it can be stated that the progeny were characterized by a larger value of 5 of the 12 tested traits, both morphological and anatomical. Offspring had longer, but more flattened needles, wider hypodermic cells, more endoderm cells around the vascular bundle, a greater distance from vascular bundle to abaxial needle edge and more flattened hypodermic cells than maternal trees.
The calculated correlation coefficients indicate a very low correlation between the values of the characteristics of parents and offspring. Only the distance from resin canals to vascular bundle in the offspring grew with the increase of this characteristic in maternal trees.
Comparing traits for particular progeny lines and their maternal trees indicates that all progeny lines and their maternal trees differed highly statistically significantly in terms of the height and shape of the needle, distance from vascular bundle to abaxial needle edge and distances from resin canals to vascular bundle. This result confirmed that the needles of young trees had a flatter shape than those of adult trees. The smallest differences between offspring and maternal trees were in the height and width of the hypodermic cell, the diameter of resin canals and the number of endodermic cells. These features were the most stable and the age of trees did not affect the trait size. Hence, these traits can be considered the most reliable when comparing trees of different ages.
Molecular analysis
The first molecular analyses on this population were carried out in terms of isozyme polymorphism by Mejnartowicz (1996) and Goncharenko & Savitsky (2000) . They found that this population was characterized by a smaller number of alleles per locus and a much smaller percentage of polymorphic loci than other populations of silver fir. This population was characterized by an excess of heterozygotes, which was the result of a long period of selection and adaptation to rapidly changing environmental conditions in the Białowieża Primeval Forest after the last period of glaciation.
The first studies of the polymorphism of microsatellite chloroplast DNA in Abies alba were carried out by Ziegenhagen & Vendramin (1997) , Ziegenhagen et al. (1998) and Vendramin et al. (1999) . Those studies were based on two chloroplast microsatellite loci Pt 30204 and Pt 71936. Ziegenhagen & Vendramin (1997) studied seven European silver fir populations and found that both loci were highly polymorphic. In combination, they allowed the detection of 36 different haplotypes. In the paper by Vendramin et al. (1999) , 17 populations of fir were analyzed -from three populations from France, Germany and Croatia; from two from Italy and Poland; and one from Romania, Bulgaria, Switzerland and Spain -distributed all over a natural range. They found eight and 18 different length variants at the studied loci, which combined into 90 different haplotypes. Genetic distances between most populations were high and significant. They also gave evidence to the spatial organization of the distribution of haplotypes, as shown by permutation tests, which demonstrated that genetic distances increased with spatial distances. A large hetero geneity in the levels of diversity across populations was observed.
The studies presented in this paper refer to the results of four loci, two of them were analyzed in papers mentioned above. Progeny and maternal trees from the Tisovik Reserve have a similar level of haplotypic variation to two Polish populations from Jata and Minsk Mazowiecki described by Vendramin et al. (1999) ; similar to most populations from Central Europe (Germany and France) -about 0.94. In Tisovik progeny, we detected (for 4 loci) 107 different haplotypes, while in the Vendramin et al. (1999) paper (for two loci), there were 90 different haplotypes. However, in the population from Tisovik, we found about 4 alleles per locus (allelic diversity about 0.6), whereas in other populations from Central Europe, there were about 7 alleles per locus. This conclusion confirms the data for progeny of populations from dense ranges of silver fir (allelic diversity about 0.8) (Pawlaczyk et al. unpublished) .
AMOVA calculated in progeny indicated that all diversity was within progeny lines, so we did not discover differentiation among progeny lines. It confirms the hypothesis that there is no correlated mating in fir and probably maternal trees are pollinated by pollen from the different parental trees with the similar frequency.
The discovered level of genetic variation in progeny (H H =0.954), and in maternal trees (H H =0.936), was similar. However, in progeny, we detected a greater number of different haplotypes than in maternal trees. In progeny, 107 haplotypes in 274 trees were discovered. Only nine in 40 trees were the same like in maternal trees, which means that 98 haplotypes in 234 trees were pollen immigration from trees from other stands. Probably firs from Tisovik may be pollinated by trees from artificial population growing in the Polish part of Białowieża Primeval Forest as postulated by Pawlaczyk et al. (2017) . There are several stands established in 1920s and 1930s, where seedlings of silver fir of unknown origin were planted (Mejnartowicz 1996a (Mejnartowicz , 1996b Korczyk et al. 1997) . Moreover, it is suggested that in this area not only Abies alba but other species or hybrid species from the Abies genus are growing, which may have pollinated Tisovik population. This thesis may confirm the dendrogram drawn for 107 detected haplotypes. Haplotypes created two main groups, and 9 maternal haplotypes, which occurred in progeny belonging to the same bigger groups. The second group was smaller and may consist of offspring of another Abies species. However, this hypothesis requires further analysis.
Conclusion
In progeny lines, the variability was higher than in maternal trees in both used markers. Comparison of morphological and molecular studies showed that both markers gave similar result and detected the highest diversity occurring in progeny line T1 (had the largest values for 5 anatomical needle features, the highest values of coefficients of variability and the highest number of detected different haplotypes). Other progeny lines exhibited medium levels of diversity, so such correlation was not noticeable.
Despite the detection of small variations in populations of maternal trees from Tisovik Reserve, it can be concluded that the offspring were characterized by a relatively high phenotypic and genetic diversity, which may be a result of additions of gene pool by pollen from other stands of silver fir. 
